Studying 
INTRODUCTION
Clam shrimps of the genus Eulimnadia Packard 1874, are small crustaceans in the Limnadiidae family (Branchiopoda, Spinicaudata). These animals are generally about 0.5-1 cm in length and typically live in different types of ephemeral pools. They are able to survive in these transient habitats thanks to their rapid development and reproductive cycles and their highly adapted desiccationresistant eggs (or cysts), which they deposit in the sediments of these pools. Once the pools dry out, their eggs remain viable through seasonal dry periods and hatch when the pools are refilled during the rainy season. In the Neotropical region, 12 species of Eulimnadia have been reported (Martin and Belk, 1989; Brendonck et al., 1990; Brtek, 1997; Pereira and Garcia, 2001; Rabet, 2010; Rabet et al., 2012) and six are known to be widely distributed (Pereira and Garcia, 2001; Rabet et al., 2012) . Collection of adults is usually possible only when the pools are first filled because these organisms have a very short life cycle, frequently no more than 20 days (Weeks et al., 1997; N. Rabet, personal data) . The rapid life cycle of these animals partially explains why they are rarely reported and suggests a need to develop new methods of detecting and studying them in the field.
A particularly promising method consists in using egg morphology to identify Eulimnadia species and study their distribution (Brendonck et al. 2008) . The eggs of Eulimnadia species have different shapes that include spherical, cylindrical, and twisted forms. These variations are associated with details of egg ornamentation such as crests, ridges, furrows, and large depressions (Rabet, 2010) . The homogeneity and fibre thickness of the alveolar layer -which is visible in sections of the egg shellalso varies according to species . All these characters have proven to be useful tools for studying Eulimnadia taxonomy (Belk, 1989; Rabet 2010; Rabet et al., 2012) . In large branchiopods, species determination generally requires to use additional characters shared by adult forms. In the case of genus Eulimnadia, the characters shared by their eggs have a special taxonomic interest. Indeed, in this genus most of the species are distinguished only by their superficial egg morphol- ogy (Belk, 1989; Martin, 1989; Martin and Belk, 1989; Pereira and Garcia, 2001; Rabet, 2010) , which is unusual in branchiopods. However, all previous taxonomical analyses of eggs were conducted using eggs collected from fixed animals and the effects of different pool soils were not been studied. In order to investigate the possibility of studying the distribution of Eulimnadia species using eggs collected in the field, we sampled sediments from pools harbouring Eulimnadia populations in several distinct Neotropical regions. In these regions, Eulimnadia are found with high frequency in favourable biotopes. We selected four areas: one each in Minas Gerais (Brazil), South Bahia (Brazil), French Guiana, and Martinique. Using E. colombiensis Roessler, 1989 , E. cylindrova Belk, 1989 , E. geayi Daday de Deés, 1926 , and E. magdalensis Roessler, 1990 we tested the ability to use extracted eggs directly for identification and we then proposed a general strategy for identifying and studying new populations of Limnadiidae.
METHODS

Identification of favourable pools for collecting sediments
To detect new populations of Eulimnadia, we performed a systematic sampling of sediment (at depths up to 5 cm) in all types of pools. Alternatively, limited numbers of selected pools were analysed to save resources. When the pools were dry, temporary pools were identified by the presence of a depression, local modification of the vegetation and/or desiccation features. In these cases, dry sediment was collected from the centre of the former pool using a small spade. When the pools were filled but contained no adults and no shield remainders could be found, the temporary character of the pool was investigated by examining the aspect and configuration of the pool, the adjacent vegetation, and the depth of the pool which was reconciled with the local climate and recent rainfall. The presence of anostracans or other spinicaudatans was also a good indicator of a temporary pool. Damp sediments were collected from the centre and border of the pool and dried in the sun as rapidly as possible.
Sample storage and further utilisation
Dried soil samples were mechanically mixed by hand to homogeneity and then stored in closed plastic bags. The alveolar layer of resting eggs in the genus Eulimnadia is developed enough to enable the eggs to float after they are dry, which allows them to be easily separated from the sediment . To harvest eggs, 200 g of dried soil was mixed with 1.2 L of demineralised water in a 1.5 L plastic water bottle. The bottle was shaken vigorously six times for 1 min each over the course of 1 h to dissociate eggs from soil components. The supernatant containing floating eggs was filtered through progressively sized sieves (Hobby Artemia Sieve Combinationmesh size: 900, 560, 300, 180 and finally 80 µm; Reefphyto Ltd., Bristol, UK) to isolate the eggs from other floating debris. Eggs were identified under a stereomicroscope according to their size (100-200 μm in diameter), forms, and superficial ornamentations, and then separated for further analysis. Isolated eggs were used directly as needed. Some samples were conserved in 70% ethanol or re-dried on lamella. With this method we estimated that it was possible to detect Eulimnadia eggs if 5-10 eggs were present in 200 g of soil.
Breeding from the eggs
Adult specimens were collected directly from the field (Buritizeiro-Minas Gerais pool) or obtained from cultures derived from field-collected soil (other pools). For direct breeding of cultured adults, 200 g of pool soil was mixed with 12 L of distilled water in a standard aquarium. We also recycled material used for egg observations after mixture of eggs, supernatant, and soil in a final volume of 12 L. Tanks were maintained at 28°C and under constant light. Animals were fed on TetraMinBaby (Tetra GmbH, Melle, Germany). When adults developed, typically 5-7 days after hatching, they were fixed in 4% formalin and preserved in 70% ethanol.
Scanning electron microscopy
Eggs obtained from adults (removed from below the carapace with a fine needle and stored in 70% ethanol) or isolated from soil samples were dried and mounted onto scanning stubs using carbon conductive tape and then coated with a conductive layer (40 nm) of gold-palladium using a Polaron SC7640 sputter coater. Scanning electron microscopy (SEM) was performed on a JEOL 6100 SEM (JEOL Ltd., Tokyo, Japan). Eggs were opened using a fine tungsten needle to allow examination of the shell and the egg contents. The number of ornamented depressions on E. magdalensis eggs was estimated by methods used previously for anostracans (Timms and Lindsay, 2011) .
Study sites
We studied four areas with various local conditions ( Fig. 1) .
Martinique (Saint Anne). Populations of Eulimnadia were detected only in trail freshwater pools in the dry forest in relatively isolated places near the sea. The surfaces of temporary pools in this area are less than 10 m 2 and normally less than 20-30 cm deep. Pools were filled by substantial rainfall generally during the rainy season but dried rapidly after the rain ceased. Ponds created for livestock -which were deeper, longer lasting, and common in this area -were not inhabited by Eulimnadia but Minas Gerais, Brazil (Buritizeiro) . Temporary pools in this area are large (≥100 m 2 ), relatively deep (>50 cm), and can persist several months during the rainy season. Besides two Eulimnadia species (E. colombiensis and E. geayi), which can coexist in these pools, the anostracan Dendrocephalus thieryi Rabet, 2006 is also frequently present. The substrate of these pools is clayey.
Bahia, Brazil (Barrolândia).
Populations of Eulimnadia were found in small pools which were frequently less than 10 m 2 and no more than 100 m 2 in size, and were located in windfall of the Atlantic forest. The pools have sandy substrates and can be found after heavy rains at different times of the year.
French Guiana (Sinnamary). Little information was available on these pools except that they had very clayey substrates and were in humid savannah.
Fig. 1. Neotropical distribution of
Eulimnadia species used in this study. Crosses represent E. colombiensis; squares indicate E. magdalensis; triangles show E. geayi; and circles with horizontal bar stand for E. cylindrova. Populations are indicated after simplifications, following Roessler (1995) , Brendonck et al. (1990) , Pereira and Garcia (2001) , Rabet (2010) , MacKay and Williams (2011) , and from this study. Arrows with labels indicate the populations from which samples were collected for use in this study, i.e. Saint Anne (1), Sinnamary (2); Barrolândia (3); Buritizeiro (4). 
Eulimnadia cylindrova Belk, 1989
Saint Anne, Martinique (14°27'37''N, 60°48'58''W): wet and dry pool soil and adults were collected on 30 July 2003 by Nicolas Rabet.
Eulimnadia geayi Daday de Deés, 1926
Buritizeiro, Minas Gerais, Brazil (17°22'4''S, 44°57'23''W): dry pool soil was collected on 11 February 2008 by Leandro Braga Godinho; adults (LBSA-GBr37) were collected on 7 July 2008 by Leandro Braga Godinho.
Eulimnadia magdalensis Roessler, 1990
Barrolândia, Bahia, Brazil (16°06'20''S, 39°12'24''W): dry pool soil was collected on 19 June 2008 by Sébastien Lacau and Marc Pignal.
RESULTS
Morphology of the eggs collected from adults
E. magdalensis eggs are spherical and ornamented by a large depression with a flat bottom and high ridges ( Fig.   2F-H) . At each ridge intersection, a spiniform projection is present . The estimated number of depressions varies between 25 and 33 (average=29.38; standard deviation=2.67; N=8).
E. colombiensis eggs are cylindrical with flat ends and an inflated border. Ridges extend parallel along the length of the cylinder (Fig. 3D and 3G) . At one end, a prominent ridge of varying height may be present (Tab. 1).
E. cylindrova eggs are cylindrical with a flat end and a moderately inflated border (Fig. 3I, Tab. 1 ).
E. geayi eggs too are cylindrical but with an extremity that is frequently wide and domed, while the opposite end is flat resulting in a pentagonal shape (Fig. 3B) . The ridges are parallel along the length of the egg .
Effect of stay in pool sediment
The general morphology of the eggs, cylindrical or spherical, was always clearly recognisable (compare Fig.  2A -C with 2F; 3A with 3B; 3C with 3D; 3E and 3F with 3G; and 3H with 3I). However, the fine ornamentation was clearly affected by exposure to pool sediment. Ridges were eroded, while rows and depressions were frequently filled by sediment (Figs. 2A-C, 3A, 3C, 3E and 3H). In the case of E. colombiensis, parts of the inflated border were frequently broken ( Fig. 3E and 3F ). Several degrees of abrasion were observed in E. magdalensis producing various aspects of the egg ( Fig. 2A-C) . The intersection of the ridges was always eroded and ridges were more or less distinguishable from the depression ( Fig. 2A-E) . In cases of substantial abrasion, the surface had become porous and the alveolar layer was visible at the surface of the egg (Fig. 2E) . However, the internal part of the egg shell remained unchanged in section ( Fig. 2C and 2I ; Rabet et al., 2012) .
Variability of the Neotropical pools inhabited by Eulimnadia
The pools inhabited by Eulimnadia in the areas we studied had diverse characteristics but were always temporary and located on sandy or clayey substrates. Some pools were larger than 1000 m 2 , as in Sinnamary and Buritizeiro, but others were also smaller than 10 m 2 , as in Barrolândia and Saint Anne. The duration of inundation was a function of the local climate and could be relatively short, as in Barrolândia or Saint Anne (frequently less than one month), or relatively long (generally several months), as in Buritizeiro (no such information was available for the savannah pool of Sinnamary). In Buritizeiro, two Eulimnadia species cohabited with the anostracan Dendrocephalus thieryi Rabet, 2006 . In other pools, only one species of Eulimnadia was detected in the absence of anostracans. No anostracans were found in Sinnamary or Barrolândia, but in Saint Anne the anostracan Streptocephalus similis was found in deeper pools with long inundation times.
DISCUSSION
Distribution and habitats of Neotropical Eulimnadia
Eulimnadia populations were found in temporary pools similar to those already described for all species of this family (Timms, 2010; Rogers et al., 2012) and we consider them as a good indicator of this type of habitat. In our investigation, the geological nature of the substrate varied from clayey to sandy. Indeed, the genus seems to be replaced by Metalimnadia in rock pools in the Neotropical region (Mattox, 1952; Pereira and Garcia, 2001 ). The size, depth and inundation time for Eulimadia habitats can vary, but global ecological data for this genus are relatively scarce and need further investigation. The climates vary and can have well-defined dry seasons, such as in Cerrado or the dry lands of the Caribbean islands, or be consistently humid, such as the Amazonian or Atlantic forest climates. The records of E. colombiensis in humid savannah pools of French Guiana are in agreement with the humid climate conditions indicated for this species in Colombia (Roessler, 1995) . French Guiana completes the known distribution of this species with several reports from Brazil , Colombia, and Venezuela (Roessler, 1989 (Roessler, , 1995 Pereira and Garcia, 2001) . For E. cylindrova in Martinique, this is the first report in the West Indies, as previously it was only known in Venezuela, the Galapagos islands, the USA, and Mexico (Belk, 1989; Brendonck et al., 1990; Pereira and Garcia, 2001 ).
Extraction of branchiopod debris and eggs from pool soil
Adults Eulimnadia are frequently absent from inundated pools but investigation of the pool sediment can provide good information for the effective presence of these species (Brendonck et al., 2008) . For example, adult exuviae and resting eggs have previously been used to identify different species in Saharan pools (Beladjal and Mertens, 2003) . Fecal pellets and eggs of Artemia were also found in ancient salt lake sediments (27,000 to 200,000 years old) (Clegg and Jackson, 1997; Djamali et al., 2010) . Different traces of Lepidurus articus were also found in various paleo-sites in the British isles and in Northern France (Bennie, 1896; Mitchell, 1957; Morrison, 1959; Ponel, 1994) . This species is now restricted to the Artic climate and such findings provide a good indication that this type of conditions existed in these areas during glaciations. For spinicaudatans, exuviae or dry animals found in the soils of pools can be used to determine the families and genera but not the individual species that inhabited the pools. Fortunately, in the case of Eulimnadia, Limnadiid eggs have ornamental features which are often species specific (Timms, 2010; Belk, 1989; Martin, 1989; Martin and Belk, 1989; Rabet, 2010; Rabet et al., 2012) . In addition, eggs can be recovered from pool sediment by following several techniques specific to the type of eggs, the density of which may be higher or lower than that of water after the first drying (Mura, 1992) .
Taxonomical remarks
Egg measurements and dimension ratios should only be carried out on clean eggs because the presence of sediment and/or erosion can significantly affect these parameters. E. colombiensis eggs exhibit shell and general shape variability (present study). The ratios of the large and small diameters were greater in eggs from French Guiana than in those from South Bahia suggesting that the border of the eggs from French Guiana was more inflated. Similarly, the ratios of the egg length without crest to the diameter at the inflated border and the ratios of the egg length with the crest to the length without the crest were both greater in eggs from French Guiana than in those from Minas Gerais. At the present time, we cannot assign a taxonomical value to these characters, but can only suggest that more studies be carried out on Eulimnadia species with cylindrical eggs.
Identification of species from eggs extracted from pool sediments
The direct determination of species from resting eggs extracted from pool sediment, in the absence of adult specimens, was performed previously for Chirocephalus populations detected in the centre of the Sahara (Beladjal and Mertens, 2003) . In this case, the reference description of egg morphology in the literature was from eggs collected directly from adults and not from extracted eggs (Mura, 1986; Rabet, 2010) . The principal impediment to the direct determination of species from extracted eggs is the effect of the sediment on the egg morphology. In fact, egg surfaces can be significantly modified according to the time spent in the sediment. Thus, the fine ornamentation may be more or less modified by abrasion and sediment (Figs. 2 and 3) . If we use the most current determination key based on egg morphology proposed by Rabet (2010) , it is possible to specifically identify cylindrical eggs with flat ends. Indeed, egg ridges and their obliquity are distinguishable despite the effects of sediments. The more or less inflated border is also observable in extracted eggs which allowed us to distinguish E. cylindrova and E. colombiensis/E. belki (Fig. 3C-G) . In the case of cylindrical eggs with one domed end, identification is more problematic and confusion with E. alluaudi is possible (Fig. 3A and 3B ). However, this species was described from Madagascar and has not yet been collected in the Neotropical region (Rabet, 2010) . Spherical eggs can be distinguished by their superficial ornamentation (Fig. 2) . This type of egg is frequent in Eulimnadia and shared by at least 20 species (Rabet, 2010; Babu and Nandan, 2010) . Identification is based on the size and shape of the depressions, which can be recognised in extracted eggs, and on the shape of the ridges and the bottom of the depression, which cannot be discerned in such eggs. In N o n -c o m m e r c i a l u s e o n l y our study, if we had used the current identification key, we likely could have confused E. magdalensis extracted eggs with those of E. diversa Mattox, 1937 collected from adults [compare Fig. 2B and 2C with Belk (1989) ]. Although E. diversa Mattox, 1937 has not yet been collected in the Neotropical area, it is present in North America and might be discovered in the Neotropics in the future. If we had limited the application of the key to the shape and size of depression, we could not have distinguished E. magdalensis from at least 10 other species: E. marplesi Timms and McLay, 2005; E. chaperi Simon, 1886; E. magdalensis; E. diversa Mattox, 1937; E. agassizi Packard, 1874; E. compressa (Baird, 1860) ; E. dalhi Sars, 1896; E. garreti (Richters, 1882) ; E. similis Sars, 1900; E. azisi Babu and Nandan, 2010 (Rabet, 2010; Babu and Nandan, 2010) . In this case, breeding from eggs recovered from soil or from new samples in the pool is necessary to obtain reproductive adults which clean eggs can provide specific characters from.
The texture of the alveolar layer and fibre thickness of the egg shell is variable among Eulimnadia species. These variations were recently used as new taxonomic characters ). Regardless of the abrasion level of the shell, the alveolar layer is not affected by the soil and the o n l y study of egg sections may assist in the identification of soilextracted eggs. However, these structures have been completely described for only three species .
General strategy for studying limnadiid populations
In searching for new limnadiid populations, the first step consists in identifying temporary pools (Fig. 4) . From the geological and climate contexts, pools can be first selected by analysis of geographical data, such as maps, aerial or satellite photographs, territories accessible in Google Earth (http://www.google.co.uk/earth/), and French territories accessible in Geoportail (http://www. geoportail.gouv.fr/accueil). In areas with well-defined dry seasons, the field research performed at the end of the dry season is the best period to identify temporary pools, which are frequently dry. Prospection at the beginning of the rainy season (after no more than 20 days) can allow direct collection of adult Eulimnadia. Collection at the end of the rainy season or at the beginning of the dry season is less dependable. If the pools are not dried yet the probability of finding adult Eulimnadia is low owing to their short life cycle. In this case, only the local context and the associated fauna can help to identify favourable temporary pools. When the pool is dry, a sample of dry soil can be collected and easily stored. If the pool is still filled with water, the soil collected should be rapidly dried because eggs will die rapidly in moist samples. Egg extraction can then be performed on dried samples following the protocol reported here. Species determination should be first attempted with extracted eggs. Several dozen eggs are necessary so that two species can be sympatric (as in the Buritizeiro samples reported here). These eggs can be used later for breeding or used directly in polymerase chain reaction to analyse the DNA sequence (Moorad et al., 1997; Duff et al., 2007) . We recommend completing the first taxonomical analysis based on extracted eggs with eggs collected from adults after breeding or collected while sampling the pool at a favourable time (ideally 10 days after substantial rainfall). 
Egg shell function
One egg shell function is to protect the embryo, particularly during the drought periods (Belk, 1970; Dumont and Negrea, 2002) . In addition, the well-developed alveolar layer considerably diminishes the density of the egg after desiccation and is considered to be an important flotation mechanism (Morris and Afzelius, 1967; Gilchrist, 1978) . This feature is common to all limnadiid species and is frequently present in tropical and sub-tropical species of large branchiopods. This floatability is probably important for dissemination and then for the functioning of the egg banks. Egg ornamentation has been suggested to provide protection against predation . However, from results reported here, this putative function in Eulimnadia would be most important just after laying. Indeed, in our study, once the eggs were exposed to or mixed with sediment, the folds and spines were clearly eroded. Although exposure to pool sediments caused reductions in egg shell thickness, such reductions were relatively minor and concerned only the most superficial structure of the egg (i.e. ridges or crests). Egg viability appeared to be generally unaffected by reduced egg shell thickness because we obtained larvae from uncrushed eggs abraded to different degrees. Similar observations have been reported for resting eggs of rotiferans, suggesting that damage induced by the environment affects viability only in cases of extreme abrasion (Garcia-Roger et al., 2005) . However, egg crushing by pressure is lethal, and the strength required to obtain such an effect for Anostraca is fairly low (Hathaway et al., 1996) . Thus, egg viability is probably more affected by crushing than abrasion during the time spent in the pool soil.
CONCLUSIONS
We have demonstrated that the species present in Eulimnadia populations cannot be identified efficiently using eggs extracted directly from pool sediments, especially for those species that have spherical eggs (e.g. E. magdalensis). However, the egg extraction method using water is a rapid way to find new Eulimnadia populations and obtain a first taxonomic determination. Such eggs can be used for molecular studies, such as barcoding or phylogenetic analyses, and can also be counted to understand the properties of egg bank. Following our analysis in the Neotropical region, we propose a global strategy for studying Eulimnadia populations that comprises several imperative steps: pool detection, soil extraction, and isolation of resting eggs from breeding or from newly deposited field samples obtained in favourable conditions. This approach can be included in a taxonomical or ecological context and may encourage new studies of this crustacean group, which is widely distributed but not frequently reported due to its particular environmental requirements. 
